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Introduction

Mandatory Request: Drug Design

If X ray data available, problem is easier.
How ever,

Often, X-ray data are not available.

X-ray cannot cover dynamic features.

NMR is the tool.



2D-NMR- 6 to Monitor the Drug-Protein Interaction

Chemical shift & Indicates the Interaction,
0 values change where there is interaction with drug.



ADb initio NMR calculation
NMR shielding constant (chemical shift) 0

— Mixed derivative of an external magnetic field (H)
and an internal nucleus magnetic moment ( /)
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Proteins, too Big, Non Grata !



Fragment molecular orbital (FMO) method

Divide a system into N fragments.

Self-consistently solve electronic structure of each
fragment under the electrostatic potential due to other
fragments. —  F

Solve electronic structure of fragment pairs once under

the electrostatic potential due to other fragments.
] EIJ

Erou = Z E;, —(N- 2)2 E; + Exi e
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K. Kitaura, E. Ikeo, T. Asada, T. Nakano, M. Uebayasi,
Chem. Phys. Lett. 313, 701 (1999).

T. Nakano, T. Kaminuma, T. Sato, Y. Akiyama, M. Uebayasi, K. Kitaura,
Chem. Phys. Lett. 318, 614 (2000).



Motivation of the Research

Ab-initio NMR ¢ Method exists for small molecules.

FMO method gives us a chance for Large Molecules.

= The link of the two will provide something !



Two Methods for NMR exist

Gauge problem !!
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Schrodinger equation
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Solve the Schrodinger equation without magnetic field
and add the effect of the magnetic field as a phase

factor.

—> Gauge including atomic orbital



GIAO%(2)

Nuclear magnetic shielding tensor

s _ OE _[ oh L\ [ dh P
N dBdm,  \0dBom, om,, 0B,

0°h and oh )

dB,om, om, are known.
It is required to obtain 9P .
oB

i

=mmmp CPHF equation is solved with using GIAO.
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Isotropic chemical shifts

glycineF
B3LYP/6-31G* x75rEJ|:1oAJE;§E$§§'JJ\ (ppM)

GIAO j CSGT SingléOrigin

x=0 | x=10 | x=0 | x=10 [ x=0 | Xx=10
N1|234| 234| 217| 217]| 232 52
C2| 144| 144| 144| 144|198 179
C3| 26| 26| 20| 20| 93 21 Y
04| -51 -51| -b6| -b6| -69 198 éx
O5| 131| 130| 112| 112| 124 192 z
H6 | 32 32| 30 30| 33 -84
H7 | 29| 29| 27| 27| 32 14| RREFTORS
H8| 27| 27| 27| 27| 1 338




EFITDIR RIRFIED B

Isotropic chemical shifts

v

glycineF
B3LYP/6-31G* YARICI0ARRZERBE | (pom)

\
GIAO j CSGT SingléOrigin
y=0 | y=10| y=0 |y=10|y=0] V=10

N1|234| 234| 217| 217|232 205
C2| 144| 145| 144| 144|198 293
C3| 26| 26| 20| 20| 93 159 y
O4| -51| -51| -56| -56| -69 143 éx
O5|131| 131| 112| 112|124 141 z
H6| 32| 32| 30| 30| 33 -166
H7 | 29| 29| 27| 27| 32 061 | RREFTIBE
H8| 27| 27| 27| 27| 1 228
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i ZN\

%‘§ﬁ$§g_§ - ZAEAIIARRERS |
GIAO || CSGT| |Single\Origin

7=0 | z=1 | z=0 | z=1 | z=0 | "z=f
N1 234 | 234 | 217 217 232 232
C2 144 | 144 | 144 | 144 | 198 198
C3 26 26 20 20 93 93
O4 -51| -51| -56| -56| -69 -69
05 131 131 112 112| 124 124
He | 32| 32| 30| 30| 33| 58(7)
H7 | 29| 20| 27| 27| 32[11(54)
H8 27 27 27 27 1 1
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EFITDIR RIRFIED B

Isotropic chemical shifts

v

glycines ¥
B3LYP/6-31G* zﬁrﬂt:mAlﬁ»ﬁHﬁb\ (ppm)
GIAO j CSGT Singlé\Origin
2=0 | z=10| 2=0 | z=10 | 2=0 | 2=10
N1|234| 234| 217| 217 ]| 232 232
C2| 144 | 144 | 144| 144 | 198 198
C3| 26 26| 20 20| 93 93
O4 | -51 51| -56| -56| -69 -69
O5] 131 131| 112] 112]| 124 124
H6 | 32 32| 30 30| 33|291(-226)
H7 | 29| 29| 27| 27| 32|251(-186)
H8 | 27 27| 27 27 1 1
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Two models for FMO calculations

Other fragment- Chem Phys Lett 445 (2007) 331.

: Fragment palr \
/ T

Model I: atomic charges Model II: electrostatic potential

Model | GIAO | CSGT

Effect of other fragments I YES | YES
) NO | YES




Calculation scheme of FMO-NMR

Effect of other fragments

Equations are repeatedly solved until the energy converges.

To reduce the
effect of boundary
of each fragment,
only the chemical
shifts of the
highlighted atoms
are employed.
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FMO-NMR vs conventional NMR methods

Correlations HF/6-31G*  Chem Phys Lett 445 (2007) 331.

Quality of isotropic and anisotropic shielding constants
(Ppm)

Anisotropic shielding constants ¢,-(c,+0,)/2 are shown in the parentheses.



Chemical shifts
FMO(dimer) vs Experiment

Ubiquitin
(76 residues)

O Experiment

n CSGT
Model 11

HF/6-31G*

LYBLIEEZFERL=L), Chem Phys Lett 445 (2007) 331.



FMO1(merged)

Determine a merged fragment by introducing
a cutoff distance L

<+-—= Fragment

<+—— Backbone

” Lcutoff

Neighboring fragment pair — Multi-fragment within L_,, «



FMO1(merged) calculation scheme

Model 1 Model 11

J. Chem.
Theory Compuit.
2009



Error of isotropic shielding constants
for 1°N in backbone ((X-helix)

(32 residues)
HF/6-31G(d)

J. Chem. Theory Comput. (2009).



Error of isotropic shielding constants
for 15N in backbone ([3-sheet)

(32 residues)
HF/6-31G(d)

J. Chem. Theory Comput. (2009).
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Model 1

L f=8A

cutof

Conventional

Without cutoff
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J. Chem.
Theory Compuit.
(2009).
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Model 1 Model 11

J. Chem. Theory Comput. (2009). X



PheD Iz )LEDH D TZLIZHS
%%?ﬁ?ﬁ(a-he“X) B {3 [e/(ay)’]

p=0.0001 p=0.00001



PheD Iz I)LED®H S 7ELICHS
E=EFH#(B-sheet) T/

p=0.01 p=0.001

0=0.0001 0=0.00001
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